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A RE campaigns during COMPASSitife Frame oz #19002 |Fme ™ Y

A Special diagnostics + pellet injector used in
the last campaigns

A High energy RE beam equilibrium in the
experiment

A Gas injection experiments #18998 | rima-ses™™ 65859

A Solid state pellet injection experiments

A RMP experiments

A Calorimetric head measurements
A Measurements of high frequency waves
during RE experiments
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A COMPASSITERike shaped plasmas Wil max= 400 KAB 0 =1.5 T,
2x400 kW NBiflexible diagnostics setup

A Runaway experiments run 202020
within EUROfusioMST214, then MST1, MSTTopic 8

2014-2015¢ Low density discharge®)HDlosses

20152016¢ Massive gas injection into ramp

2017y 2 ¢ o Cdzf f REbeayn&hatief injeztibmiwith secondary ga
puffs, RMPs, pellet injectioenhanceddiagnostics

Typical RE discharge

A Aror Ne injection into 150 kA flattop édw-density dischargé1-2e19
m-3) with significant RE seed

A Generation of RE beam than can be further accelerated or is sustained
with zero external loopvoltage
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al hardware of last REmpagins

A Room temperature solid state pellet injecto2 Snj2 da 1 éx W®d S
2021,P4.1006)

A Single stage gas gun with carbon pellétsrrowed from AUG
A Gas expansion system deségiand built for COMPASS

A DIAGNOSTICS:
A REGARDSHXR spectrometer base on LaBr3(Ce) scintillator
A Other HXR detectors with spectrometric abilityr HXR/neutron
discriminationg CeBr3, YARal(Tl),NuDETNeutron
A Tipex3based matrix SXR detectorsinteraction at the HFS

A REIS 2 spectrometers capturing synchrotron radiatigrNIR
region of interest on COMPASS

A Set of exvessel and irvessel MHz, GHz antennas loop and &
log-periodic "

A Active injection of 500 MHz, 50 W EM waveéis the loop
antenna
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< COMPASS Runaway electron beam equilibrium
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A Betatronsc high current, plasma assisted (charge dilution),

modified betatrons(B, for ideal MHD stability) Wf" 77 \\a;\a
A Forcurrent 10 kA little spread in energy allowed, ". 1 :fl lffw \\
diamagnetic to paramagnetic transition, etc. ° \[MI. @ f'
A Yoshida, NF 1990 A m’ D
A tokamak geometry plasma + sum of elemental beams, total force o
gﬁlé\irg(i::s’ modified G.S. equation + equilibria shapes for different . ?;;,«ff T ] T x; r\r\\“\\
. it f"f/(@%“ AR
- - ol i &) il NS
jxB =} m (V) My — Vp =0 AR \\’) i L
b=1 6 i ..\\‘\_ } I .-'?j I;i!sz; | A 2SR
20 100 110 \ J.
6} Hffh 7 .' r ( xQ ] :
. . ﬂ Hf T 7
A Applicationat COMPASS 2 r - 1 .....
0
A RE energy estimated using very simplified formulation of the problem  -| I '
| \ ( YoshidaNF 1990
_B'I. 'I.\ 11l:| !|
!1:]
Es[MeV] = 3.755yaB; 15 e o e
EFB[MGV] — RCB,fn/].O Finn and Mannerheim, Phys fluids 1988
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< COMPASS Runaway electron beam equilibrium

A Plasma and equilibrium field coil RE beam orbits Ip = 50.0 kA, £= 20 MeV, Jeon =-9.0 KA

geometry inBiot-Savart solver
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0.08

A Experimental plasma + coil

currents reproduce EFIT 40
configuration well 5 | foos T
£ E  im H
s Iy E 30 =
: . = a S £
A HFS oint with RE beam = Wl = ;
ms

A AXUV tomography and
calorimetry point to strong
heating of LFS limiter already
before RE beartermination

0.02

0.00

R [m]
Toroidal canonical momentum contours

A High energy fraction of the ——— Psi- separatrix
beam indeed LFS limited based
on drift surfaces

== Psi contours

Ficker, O., et. al. EPS 2021, P3.1034
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Ficker, O et. al. NF 2019
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1350

A Decreasing of, role in radial position contraf increasing of tr
role of BEx¢ secures control of the RE beam

A ¢ K Sand FBbased estimates of RE energy seem to agree
trends with HXR PHA energy and synchrotron radiation

#21286
14 xd
- Rad FB
12 { —— max HXR
-~ log-weight mean HXR
;' 10 -
] - By based
z 8
:
w
4 j__/
2 -

1200 1300 1400 1500
t [ms]

COMPASS RE experiments 7




< COMPASS Gasnjection results Ar, Kr, Ne, NAr/D2
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A Various noble gases and N for beam triggering testbig and N produce significantly less HXR radiation and slower de
A Intensive secondary D2 injection seems to stop the increase of RE etgrgyonly decreases current but increases ener

— 18830 Ne —— 18857 N —— 18866 Ar —— 20007 Kr —— 18824 40 kA/s —— 20074 -20kA/s + D —— 14599 0 kA/s + D
—— 20077 0 kA/s  —— 20076 -40 kA/s
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% COMPASS Roomtemperature solid state pellet injector

e resultsl ¢ effect on the RE bea

RTSP

A single stage gas gun from AUG

A mm-sized carbon pellets

A Ar-propelled, velocities 108100 m/s

A gas expansion system designed at COMPASS

#21290- Ne generated RE beam reference
#21292- Ne generated RE beamijtiaout pellet injection (only

propellant gas)
#21294- Ne generated RE beam, with graphite pellet injection

Pellet ablates and then explodes

Cerovskyl. et al. EPS 2021 P4.1006, paper in prepar:
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Video available here
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